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(57) ABSTRACT 

An image formation apparatus includes: an image formation 
unit for forming toner images on a photosensitive drum; a 
transfer belt for transporting sheets of a transfer medium; an 
electrostatic transfer unit transferring toner images on the 
photosensitive drum onto the sheets; a cleaning unit for 
cleaning residual matter including toner form the photosen 
sitive drum; a charger for applying a bias of a polarity Which 
is inverse to a normal polarity of the toner, to the transfer 
unit; and a control unit for controlling operations of the 
charger. The control unit controls the charger such that a 
transfer bias is applied in sheet spacing betWeen consecutive 
sheets, so that there is no How of current to edge portions at 
the leading and trailing edges of the sheets, that sheet 
spacing transfer off time is one photosensitive drum cycle or 
less, that the transfer bias current is set to Zero Within leading 
and trailing sheet margins, and that the image is transferred 
onto the transfer medium in an image region. 
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FIG. 2 
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IMAGE FORMING APPARATUS FEATURING 
DUAL POLARITY, MULTIPLE TIMING BIAS 

APPLYING MEANS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an image formation 
apparatus Which forms images by transferring a toner image 
formed on an image carrying member onto a transfer 
medium. 

[0003] 2. Description of the Related Art 

[0004] Hitherto, there have been proposed image forma 
tion apparatuses such as electrostatic photocopiers and print 
ers and the like Which form images based on image infor 
mation converted into digital signals, and some 
arrangements of such image formation apparatuses comprise 
an image carrying member upon Which an electrostatic 
latent image is formed, a developing device for developing 
the electrostatic image formed on the image carrying mem 
ber using a developing agent so as to form a developing 
agent image, and a transfer device for transferring the 
developing agent image formed on the image carrying 
member onto a transfer medium. 

[0005] FIG. 7 is a schematic diagram illustrating the 
interior con?guration of such a conventional image forma 
tion apparatus, Wherein reference numeral 101 denotes a 
photosensitive drum, Which comprises a photosensitive 
member formed of amorphous silicon or the like on the 
surface thereof, and Which serves as an image-carrying 
member for forming an electrostatic latent image, 102 
denotes a primary charger for charging the surface of the 
photosensitive drum 101, 104 denotes a developing device 
Which applies voltage betWeen a developing sleeve 104a and 
the photosensitive drum 101 to develop the electrostatic 
latent image With toner serving as a developing agent, 
thereby forming a toner image Which is the developing agent 
image formed on the photosensitive drum 101, and 110 
denotes a pre-transfer charger for making uniform a charge 
of the toner image formed on the photosensitive drum 101, 
108 denotes a transfer belt for holding and transporting a 
transfer medium P in contact With the photosensitive drum 
101, 113 denotes a transfer blade Which applies a current 
from the back side of the transfer belt 108 so as to transfer 
the toner image formed on the photosensitive drum 101 onto 
the transfer medium P, 105 denotes a separating charge for 
separating the transfer medium P from the transfer belt 108, 
111 denotes a cleaning device Which removes toner residu 
ally adhering to the photosensitive drum 101 instead of 
being transferred onto the transfer medium P (untransferred 
residual toner), using a cleaning blade 111a, 106 denotes a 
?xing device for ?xing the image formed on the transfer 
medium P thereupon, and 112 denotes a semiconductor layer 
for casting a laser beam 123 modulated by image signals, 
Wherein the laser beam 123 cast from the semiconductor 
laser 112 is re?ected by a rotating polygonal mirror 114 and 
then passes through an imaging lens 116 and re?ected by a 
re?ecting mirror 115, so as to perform raster scanning on the 
surface of the photosensitive drum 101. 

[0006] With such an image formation apparatus con?gu 
ration, a toner image is ?rst formed applying the image 
creating processes of charging, exposing, and developing on 

Dec. 25, 2003 

the photosensitive drum 101, folloWed by transferring of the 
toner image onto the transfer medium P, and subsequently 
?xing the toner image so as to obtain an article With an 
image formed thereupon. 

[0007] The cleaning blade 111a cleans the surface of the 
photosensitive member by rubbing the surface thereof, and 
the residual toner and any external additives on the surface 
of the photosensitive drum 101 folloWing the transfer pro 
cesses play an important role in increasing the lubricity 
betWeen the cleaning blade 111a and the photosensitive 
member, polishing the photosensitive member, and suitably 
grinding the photosensitive member. 

[0008] The effects thereof are great in the event of using 
an external additive effective in increasing lubricity such as 
titanium oxide or alumina ?ne poWder, or using an external 
additive effective in increasing polishability such as stron 
tium titanate poWder, ceric oxide poWder, calcium titanate 
poWder, and so forth, for example. 

[0009] That is to say, these external additives are effective 
in increasing the lubricity on the surface of the photosensi 
tive member, polishing the photosensitive member, and 
suitably grinding the photosensitive member. Also, these 
external additives serve to prevent deterioration of image 
quality due to substances generated by discharge of the 
chargers 102 and 110, or components in the toner, adhering 
to the surface of the photosensitive member, and to prevent 
deterioration of the slidability of the cleaning blade due to an 
increase in the friction coef?cient on the surface of the 
photosensitive member. 

[0010] HoWever, some of these external additives have 
Weak adhesion as to the toner, and some have a polarity 
Which is inverse to a friction charging polarity of the toner, 
so in the event that the developing device 104 is operated at 
any time other than When forming an image, this results in 
the external additives scattering off of the toner on the 
developing agent holding member (developing sleeve), and 
even in the event that an electrical ?eld is formed betWeen 
the developing agent holding member and the photosensitive 
member so that the toner does not adhere to the photosen 
sitive member, the external additives charged With the 
inverse polarity may depart from the toner and adhere to the 
photosensitive member. Accordingly, operating the devel 
oping device at times other than When forming images 
causes the amount of external additives Within the develop 
ing agent to decrease. 

[0011] In the event that the amount of external additives 
Within the developing agent in the developing device 
decreases, the amount of external additives adhering to the 
photosensitive member along With the toner also decreases, 
so the amount of external additives sent to the cleaning 
device 111 as untransferred residue decreases. 

[0012] In the event that the amount of external additives 
sent to the cleaning device 111 decreases thus, the lubricity 
With the surface of the photosensitive member decreases, 
and the effects of polishing and suitably grinding the pho 
tosensitive member decrease, leading to deterioration of 
image quality due to substances generated by a discharge 
from the chargers, or components in the toner, adhering to 
the surface of the photosensitive member. 

[0013] Also, the friction coef?cient on the surface of the 
photosensitive member rises due to the adhering substances, 
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leading to poor slidability of the cleaning blade 111a, Which 
further leads to chattering of the cleaning blade 111a or 
eversion thereof. Such problems occur particularly readily 
With photosensitive drums Which are not readily ground, 
such as a-Si drums, since the substances adhering to the 
drums are not readily removed. 

[0014] Such problems also occur in the event that the time 
in Which the developing device operates during non-image 
formation periods is long, for example, and the time of the 
developing device operating during non-image-formation 
periods becomes long in cases such as forming continuous 
images With a transfer medium having a great basis Weight, 
such as heavy paper or the like. 

[0015] The reasons for these problems are as folloWs: in 
the event of carrying out the ?xing process consecutively on 
a transfer medium having a great basis Weight, the ?xing 
speed generally must be sloWed since defective ?xing 
readily occurs due to the temperature of the ?xing device 
dropping, Which in turn leads to more spacing betWeen the 
transfer mediums (hereafter also referred to as “sheet spac 
ing”). This sloWdoWn is to prevent a subsequent transfer 
medium from colliding With a transfer medium undergoing 
?xing in the event that the ?xing speed is sloWer but the 
image formation speed is not changed, Which could lead to 
faulty transportation and improper images. Or, in the event 
that both the image formation speed and the ?xing speed are 
made to be sloWer, the amount of time elapsed is longer even 
in the event that the sheet spacing is the same as before the 
change in speed. Due to such reasons, the sheet spacing time 
becomes greater, and consequently, the amount of time 
Wherein the developing device is being operated in the 
non-image-formation period becomes longer. As a result, the 
cleaning capabilities decrease, Which has been a problem. 

[0016] Japanese Patent Laid-Open No. 9-152793 discloses 
an arrangement Wherein transfer bias is applied to the 
margin of the leading side of the sheet folloWing the leading 
edge thereof reaching the transfer position, and Wherein the 
transfer bias is turned off at the margin on the trailing side 
before the trailing edge of the sheet reaches the transfer 
position, in order to prevent charging of the photosensitive 
drum due to transferring While preventing faulty transfer at 
the leading and trailing edge portions of the toner image. 

[0017] Also, Japanese Patent Laid-Open No. 2000-72705 
discloses an arrangement Wherein bias With the same polar 
ity as transferring is applied in the event that the transfer 
medium is not present in order to prevent the back side of the 
transfer medium from becoming soiled due to toner charged 
With an inverse polarity, thereby preventing inverse-polarity 
toner from migrating from the photosensitive drum side to 
the transfer member. 

[0018] HoWever, these documents neither disclose nor 
make any mention of the problem of unstable cleaning 
conditions due to a decrease in the external additives Within 
the toner, much less either disclose or mention a method to 
deal With the problem. 

SUMMARY OF THE INVENTION 

[0019] The present invention has been made in light of the 
above-noted problems, and accordingly it is an object 
thereof to provide an image formation apparatus capable of 
effectively removing foreign matter on the image holding 
member Without deterioration of image quality. 

Dec. 25, 2003 

[0020] To this end, according to a ?rst aspect of the present 
invention, an image formation apparatus comprises: image 
formation means for forming a toner image on an image 
carrying member; transporting means for transporting a 
transfer medium; transfer means for electrostatically trans 
ferring the toner image onto a transfer medium transported 
by the transporting means to a transfer unit; cleaning means 
for cleaning residual matter including toner from the surface 
of the image carrying member; bias applying means for 
applying a bias of a polarity Which is inverse to a normal 
polarity of the toner, to the transfer means; and control 
means for controlling operations of the bias applying means; 
Wherein, in the event of forming images on multiple transfer 
mediums in a continuous manner, the control means places 
the bias applying means in an inoperative state at a ?rst 
timing before a trailing edge of a preceding transfer medium 
reaches the transfer unit, places the bias applying means in 
an operating state at a second timing folloWing the trailing 
edge of the preceding transfer medium passing through the 
transfer unit, places the bias applying means in an inopera 
tive state at a third timing before a leading edge of a 
subsequent transfer medium reaches the transfer unit, and 
places the bias applying means in an operating state at a 
fourth timing folloWing the leading edge of the subsequent 
transfer medium passing through the transfer unit. 

[0021] According to a second aspect of the present inven 
tion, an image formation apparatus comprises: image for 
mation means for forming a toner image on an image 
carrying member; transporting means for transporting a 
transfer medium; transfer means for electrostatically trans 
ferring the toner image onto a transfer medium transported 
by the transporting means to a transfer unit; cleaning means 
for cleaning residual matter including toner from the surface 
of the image carrying member; bias applying means for 
applying a bias of a polarity Which is inverse to a normal 
polarity of the toner, to the transfer means; bias application 
operations control means for controlling operations of the 
bias applying means; ?xing means for ?xing the toner image 
transferred to the transfer medium; and transfer medium 
spacing control means capable of changing the transfer 
medium spacing time from a trailing edge of a preceding 
transfer medium passing through the transfer unit until a 
leading edge of the subsequent transfer medium is trans 
ported to the transfer unit, in the event of forming images on 
multiple transfer mediums in a continuous manner, Wherein 
the bias application operations control means enables opera 
tion of the bias applying means in the transfer medium 
spacing time according to the transfer medium spacing time. 

[0022] Further objects, features, and advantages of the 
present invention Will become apparent from the folloWing 
description of the preferred embodiments (With reference to 
the attached draWings). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic diagram of the internal 
con?guration of an image formation apparatus according to 
an embodiment of the present invention. 

[0024] FIG. 2 is an enlarged diagram of the transfer unit 
of the image formation apparatus. 

[0025] FIG. 3 is a diagram illustrating the position and 
relation betWeen the transfer bias in the transfer unit and the 
transfer medium. 
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[0026] FIG. 4 is a Table showing the results of image 
formation, and so forth, With the image formation apparatus. 

[0027] FIG. 5 is a ?owchart illustrating a second embodi 
ment of the present invention. 

[0028] FIG. 6 is a diagram of another example of the 
image formation apparatus. 

[0029] FIG. 7 is a schematic diagram illustrating the 
internal con?guration of a conventional image formation 
apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] The folloWing is a detailed description of embodi 
ments of the present invention, With reference to the draW 
ings. 
[0031] First Embodiment 

[0032] FIG. 1 is a schematic diagram illustrating the 
interior con?guration of an image formation apparatus 
according to an embodiment of the present invention, 
Wherein reference numeral 1 denotes a photosensitive drum 
upon Which an electrostatic latent image is formed, to serve 
as an image carrying member. The photosensitive drum 1 
has a photosensitive member (layer) formed of amorphous 
silicon on the circumferential face of an electroconductive 
photosensitive drum supporting member 1a Which is 60 mm 
in diameter and formed of aluminum or the like. The 
photosensitive drum 1 is rotationally driven at a process 
speed (circumferential speed) of 200 mm/sec in the direction 
indicated by the arroW in the draWing, i.e., in the clockWise 
direction, by a driving device (not shoWn). 

[0033] Reference numeral 2 denotes a primary charger 
serving as corona charging means for charging the surface of 
the photosensitive drum. The primary charger 2 uniformly 
charging the surface of the photosensitive drum 1 to a 
predetermined potential of a negative charge, by a charging 
bias applied from a charging bias poWer source (not shoWn). 

[0034] Reference numeral 4 denotes a developing device 
for developing the electrostatic latent image by applying a 
voltage betWeen a developing sleeve 4a and the photosen 
sitive drum 1, thus forming a toner image on the photosen 
sitive drum 1. The developing device 4 causes toner to 
adhere to the electrostatic latent image formed on the 
photosensitive drum 1 by a developing bias applied from a 
developing bias poWer source (not shoWn), thus forming a 
negative image as a toner image, or visualiZing the electro 
static latent image. 

[0035] Note that With the present embodiment, a single 
component, non-contact developing method is used. This 
developing method involves using a developing agent 
Wherein toner particles have been magnetiZed, the develop 
ing agent is transported to a developing region by a magnetic 
force, and the developing agent is caused thereby to jump to 
the photosensitive drum 1, a process knoWn as “jumping 
developing”. Further, the developing agent used With the 
single-component non-contact developing method involves 
toner particles With an average grain diameter of 7.5 pm that 
have been formed of polyester resin as a toner, to Which 
strontium titanate poWder With an average grain diameter of 
1 pm Which charges to a polarity Which is opposite to a 
polarity of the toner, and hydrophobic alumina ?ne poWder 
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With an average grain diameter of 0.1 pm, have been 
externally added. Note that the toner particles charge to a 
negative polarity. 
[0036] Reference numeral 8 denotes a transfer belt adja 
cent to the photosensitive drum 1, for carrying and trans 
porting the transfer medium P, the transfer belt 8 running 
over a driven (slave) roller 8a and a driving roller 8b. The 
transfer belt 8 moves (rotates) in the direction indicated by 
the arroW, synchronously With rotation of the photosensitive 
drum 1, by a rotational driving force of the driving roller 8b. 

[0037] Reference numeral 13 is a transfer blade for apply 
ing electric current from the rear side of the transfer belt 8, 
so as to transfer the toner image formed on the photosensi 
tive drum 1 onto the transfer medium P. The transfer blade 
13 is formed of an elastic material, and comes into contact 
With the photosensitive drum 1 across the transfer belt 8, 
Which is an endless transfer medium carrying member, at the 
transfer unit. This causes the transfer bias, With a polarity 
Which is inverse to the polarity of the toner, and Which is 
applied from the transfer bias poWer source 20, to transfer 
the toner image on the photosensitive drum 1 onto the 
transfer medium P Which is a paper sheet or the like being 
transported by adhering onto the moving transfer belt 8 due 
to electrostatic absorption or the like, at the transfer unit 
betWeen the photosensitive drum 1 and the transfer blade 13. 

[0038] Reference numeral 5 denotes a separating charger 
for separating the transfer medium P from the transfer belt 
8, 10 denotes a pre-transfer charger for making the charge of 
the toner image formed on the photosensitive drum 1 
uniform, and 11 denotes a cleaning device for removing the 
toner residually adhering to the photosensitive drum 1 that 
Was not transferred onto the transfer medium P, i.e., untrans 
ferred residue, by using a cleaning blade 11a formed of an 
elastic material Which folloWs the photosensitive drum 1 in 
the longitudinal area and is in contact thereWith in a direc 
tion Which is counter to a rotation direction of the photo 
sensitive drum 1. 

[0039] A scoop sheet (not shoWn) is provided upstream 
from the cleaning blade 11a in respect to the rotating 
direction of the photosensitive drum 1, i.e., beloW the 
cleaning blade 11a. All of the residual toner on the surface 
of the photosensitive drum 1 Which has been scraped off by 
the cleaning blade 11a is recovered in a cleaning container 
by the scoop sheet. 

[0040] Reference numeral 6 denotes a ?xing device for 
?xing the images formed on the transfer medium P. Upon the 
transfer medium P being transported thereto, the ?xing 
device 6 applies pressure and heat to the transfer medium P, 
thereby melting the un?xed toner image on the transfer 
medium P and ?xing it, so that a image is ?xed on the 
transfer medium P. 

[0041] Reference numeral 12 is a semiconductor laser for 
irradiating a laser beam 3 modulated by image signals. A 
laser beam 3 cast from the semiconductor laser 12 is 
re?ected by a rotating polygonal mirror 14, passes through 
an imaging lens 16 and re?ected by a re?ecting mirror 15, 
and performs raster scanning on the photosensitive drum 1. 

[0042] With an image formation apparatus of such a 
con?guration, a toner image is formed on the photosensitive 
drum 1 by the image formation processes of charging, 
exposing, and developing. FolloWing formation of the toner 
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image, the toner image is transferred onto the transfer 
medium P, following Which the image is ?xed, so as to 
obtain an article With an image formed thereupon. 

[0043] FIG. 2 is an enlarged image of the transfer unit, 
Wherein reference character “a” represents a nipping Width 
(contact Width) betWeen the transfer medium P and the 
photosensitive drum 1. With the present embodiment, the 
transfer medium P is in contact With the photosensitive drum 
1 over a Width of 0.25 mm. Reference character “b” repre 
sents the nipping Width betWeen the transfer blade 13 and the 
transfer belt 8, With the transfer medium P being in contact 
With the transfer blade 13 across the transfer belt 8 over a 
Width of 1.0 mm. Note that the center of “b” is at a position 
offset from a vertical line from a center of the photosensitive 
drum 1 by 0.25 mm. 

[0044] Reference character “c” represents the general 
Width of the transfer bias nipping, Which is the range of the 
electric ?eld from the voltage applied to the transfer blade 
13, Which is approximately 3 mm. Note that a center of “c” 
is also at a position offset from the vertical line from the 
center of the photosensitive drum 1 by 0.25 mm. The Width 
of “c” is a value obtained under the conditions of the voltage 
applied to the transfer blade 13 being +2 kV and the current 
at this time being +20 MA. 

[0045] Next, a transfer bias applied With the present 
embodiment Will be described With regard to a position 
relation of sheets the transfer medium P (sometimes referred 
to individually herein as a “sheet” and collectively as 
“sheets”), With reference to FIG. 3. The state shoWn in FIG. 
3 is that observed at a center position of nipping betWeen the 
transfer blade 13 and the transfer medium P. Also, in the 
?gure, P1 (P2)represents a preceding transfer medium, P3 
(P3)represents a subsequent transfer medium, Pa represents 
the leading edge of the transfer medium, and Pb represents 
the trailing edge thereof. 

[0046] With the present embodiment, the transfer process 
is carried out under constant current control Wherein a 
current of +20 pA is applied While the transfer mediums P1, 
P2, and P3 are passing through the nipping portion betWeen 
the transfer blade 13 and the photosensitive drum 1. Also, 
current control is performed Wherein a current of +20 pA is 
applied betWeen the preceding transfer medium P1 and the 
subsequent transfer medium P2, and betWeen the preceding 
transfer medium P2 and the subsequent transfer medium 
P3(this spacing betWeen the transfer mediums Will be 
referred to as “sheet spacing”), as Well. 

[0047] The constant current control values at the time of 
transfer operations may be made to be variable according to 
environmental conditions or the like, in order to achieve 
even more precise transfer control. In this case, the constant 
current for the sheet spacing may be ?xed at a constant 
value, or may be made to be variable according to condi 
tions, but formation of an electric ?eld Which gathers toner 
on the photosensitive drum and does not gather the external 
additives Which have a polarity Which is inverse to a polarity 
of the toner, is necessary. 

[0048] Also, With the present embodiment, charging of the 
photosensitive drum 1 by the primary charger 2 is performed 
for sheet spacing in the same Way as charging When forming 
images. Further, the developing bias applied to the devel 
oping device 4 is the same for both sheet spacing and image 
formation. 
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[0049] Applying a bias With a polarity for removing only 
the toner from the photosensitive drum 1 by the transfer belt 
8, i.e., a positive polarity in the event that the toner is of a 
negative polarity, to the transfer blade 13 in the sheet 
spacing means that the toner moves to the transfer belt 8, but 
the external additives Which has a polarity inverse to a 
polarity of the toner remains on the photosensitive drum 1, 
and the remaining external additives are carried to the 
cleaning device 11. 

[0050] In the event that the external additives are not 
removed and only the toner is removed from the photosen 
sitive drum 1, the percentage of external additives near to the 
cleaner blade rises, thereby improving the effects of suitably 
polishing the photosensitive member, and the substances 
generated by discharge of the chargers or components in the 
toner adhering to the surface of the photosensitive member 
can be almost completely scraped off. 

[0051] On the other hand, applying a transfer bias near to 
the leading and trailing edges of the sheet causes the transfer 
bias to How to the photosensitive member at the leading and 
trailing edge portions of the sheet in an intensive manner, 
and accordingly only that portion of the photosensitive 
member is charged by the transfer bias. This charging 
potential causes toner near to the cleaner to adhere to the 
surface of the photosensitive member, Which appears on the 
toner image formed on the photosensitive member, one 
(rotation) cycle of the photosensitive member later, as a 
streak. 

[0052] That is to say, While there is need to apply transfer 
bias during the sheet spacing, transfer bias must not be 
applied to the transfer blade 13 near the leading and trailing 
edges of the transfer medium P, in order to avoid streaks on 
the photosensitive member one cycle later. 

[0053] Accordingly, With the present embodiment, the 
current from the transfer bias at the leading edge of the 
transfer medium P is changed to 0 MA, d1 ahead of the 
leading edge of the sheet, and folloWing the leading edge of 
the sheet passing d2, the current for transfer bias is changed 
to +20 MA, based on position detection signals from sensors 
(not shoWn) for detecting the position of the transfer 
medium P, for example, as shoWn in the draWings. The 
control for realiZing this is performed by the control unit 30 
(control means, transfer bias application control means). 

[0054] Thus, the existence of an electric ?eld due to the 
transfer bias can be eliminated from the leading edge Pa of 
the subsequent transfer medium P2 (P3), so that streaks do 
not appear after one cycle of the photosensitive drum 1. That 
is to say, the transfer bias is turned off before the leading 
edge Pa of the subsequent transfer medium P2 (P3) is 
transported to the transfer unit at such a timing that there is 
no existence of an electric ?eld due to transfer bias With 
regard to the leading edge Pa of the subsequent transfer 
medium P2 (P3), thus eliminating streaks from appearing 
after one cycle of the photosensitive member 1. 

[0055] Also, near the trailing edge of the sheet, the current 
is set to 0 pA for the trailing edge Pb earlier by a time e2, 
and folloWing the trailing edge of the sheet passing by e1, 
the current for the transfer bias is changed to +20 MA. That 
is to say, the transfer bias is turned on folloWing the trailing 
edge Pb of the preceding transfer medium P1 (P2) passing 
through the transfer unit at such a timing that there are no 
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effects of the transfer bias at the trailing edge Pb of the 
preceding transfer medium P1 (P2), thus eliminating streaks 
from appearing after one cycle of the photosensitive drum 1. 

[0056] Further, With the present embodiment, in order to 
eliminate the effects of the electric ?eld from the transfer 
bias in a sure manner, turning on of the transfer bias 
folloWing the trailing edge Pb of the preceding transfer 
medium P1 (P2) passing through the transfer unit, and 
turning off of the transfer-bias before the leading edge Pa of 
the subsequent transfer medium P2 (P3) is transported to the 
transfer unit, is performed at a timing such that the trailing 
edge Pb of the preceding transfer medium P1 (P2) and the 
leading edge Pa of the subsequent transfer medium P2 (P3) 
are distanced from the photosensitive drum 1. 

[0057] Also, in the event that no transfer bias is applied in 
the sheet space and the photosensitive drum 1 is rotated by 
one cycle or more in this state, the toner and external 
additives exist together, resulting in deterioration of the 
percentage of external additives at the cleaning unit, Which 
is overlaid on the sequence and subsequent cycles and 
consequently become solidly adhered to the photosensitive 
drum 1, and is not easy to remove. Accordingly, the time in 
Which the current from transfer bias near the leading and 
trailing edges of the sheet is set to 0 pA is preferably one 
cycle of the photosensitive drum or less. 

[0058] Thus, the time periods d1, d2, el, and e2 must be 
determined so that there is no current ?oWing from the 
transfer blade 13 to the leading edge of the transfer medium, 
so that the sheet spacing transfer off time is one photosen 
sitive drum cycle or less, and further so that the image is 
transferred onto the transfer medium in an image region. 

[0059] For example, With the present embodiment, the 
transfer current is set to 0 pA in a margin at the trailing edge 
of a transfer medium and at a timing Wherein the transfer 
current does not How to the trailing edge. Next, to turn the 
transfer bias on in the sheet spacing, the transfer current is 
turned on to 20 pA Within one cycle or less of the image 
carrying member and at a timing Wherein transfer current 
does not How to the trailing edge. Subsequently, the transfer 
current is turned to 0 pA Within one cycle or less of the 
image carrying member and at a timing Wherein transfer 
current does not How to the leading edge of the transfer 
medium. Further yet, to transfer to the sheet, the transfer 
current is turned on to 20 pA in the margin at the leading 
edge of the transfer medium and at a timing Wherein the 
transfer current does not How to the leading edge. This is 
repeated until image formation ends. 

[0060] As one example of the present embodiment, the 
folloWing settings Were used: 

[0061] d1=0.10 sec 

[0062] d2=0.01 sec 

[0063] e1=0.25 sec 

[0064] e2=0.01 sec 

[0065] Also, the leading margin of the transfer medium 
Was set at 2.5 mm, and the trailing margin Was set at 2 mm. 

[0066] FIG. 4 is a Table illustrating the results of forming 
images setting the values of d1 and so forth as described 
above. The comparative examples shoWn in the Table are 
arrangements Wherein the values for the time of d1, d2, e1, 
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and e2 have been changed. Comparative examples 1 and 2 
are arrangements Wherein d1 has been changed; Compara 
tive examples 3 and 4, d2; Comparative examples 5 and 6, 
el; and Comparative examples 7 and 8, e2, respectively. 

[0067] As can be understood from the Table, suitable 
values exist for each of d1, d2, el, and e2, and the values 
require that there is no current How to the edge portion at the 
leading and trailing edges of the transfer medium from the 
transfer blade 13, that the sheet spacing transfer off time is 
one photosensitive drum cycle or less, that the transfer bias 
current is set to 0 pA Within the margin at the leading and 
trailing margins, and that the image is transferred onto the 
transfer medium in the image region. Setting d1, d2, el, and 
e2, to the values described here enables very excellent image 
formation to be realiZed. 

[0068] Thus, applying the transfer bias in the sheet spac 
ing alloWs removal of substances adhering to the photosen 
sitive drum While preventing chattering and eversion of the 
cleaning blade, and setting the electric ?eld from the transfer 
bias affecting the photosensitive member at the leading and 
trailing edges of the sheet to Zero prevents streaks from 
appearing one photosensitive drum cycle later, thereby 
obtaining an excellent image formation apparatus. 

[0069] Second Embodiment 

[0070] FIG. 5 is a ?oWchart illustrating a second embodi 
ment of the present invention. With the present embodiment, 
application of the transfer bias in the sheet spacing described 
above is not performed for normal sheet spacing, but is 
performed only in the event of performing image formation 
Wherein the sheet spacing is large. 

[0071] There is the need to increase throughput of image 
formation (the number of sheets upon Which images are 
formed per time increment) for normal image formation, and 
according the sheet spacing is as small as possible. In such 
cases, high-speed and precise control is required for the 
transfer bias application control Within short sheet spacing, 
but With little effect, so transfer bias application control is 
not performed in such cases With the present embodiment. 
On the other hand, in the event of forming images on the 
transfer mediums With poor ?xing properties, such as heavy 
paper for example, the ?xing speed alone is dropped to 
improve the ?xing capabilities and the sheet spacing is 
increased so as to be more than With normal operations in 
order to avoid resultant collisions betWeen sheets of the 
transfer medium, and accordingly, the transfer bias is 
applied in sheet spacing in such cases. 

[0072] The folloWing is a description of an operation of 
the invention referring to the ?oWchart shoWn in FIG. 5. 

[0073] Upon a start (S1) of the operation, the type of 
transfer medium is discerned (S2), and in the event that this 
is a speci?ed heavy paper, the ?xing speed is set at a speed 
V2 Which is sloWer than the speed V1 for normal image 
?xing (S7), the sheet spacing is set to t2 Which is longer than 
the sheet spacing t1 for normal image formation (S8), 
transfer bias application is carried out in the sheet spacing as 
illustrated in the forgoing embodiment and the operation 
ends (S6). 

[0074] On the other hand, in the event that the type of 
transfer medium is discerned (S2) and this is not a speci?ed 
heavy paper, the ?xing speed is set to the speed V1 for 
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normal image ?xing (S3), the sheet spacing is set to the sheet 
spacing t1 for normal image formation (S4), transfer bias 
application is not performed (S5) and the operation ends 
(S6). 
[0075] Control operations such as the above-described 
changing of ?xing speed, transfer bias application opera 
tions, sheet spacing (transfer medium spacing) changes, and 
so forth, are executed by the control means 30. 

[0076] As for the means for recogniZing a type of transfer 
medium (denoted by reference numeral 40 in FIG. 1), there 
is a method for the user inputting information of a type of the 
transfer medium to the apparatus itself, for example. In 
addition, there is a method Wherein information regarding a 
type of transfer medium contained in a sheet cassette is 
indicated on the sheet cassette, Which is read by the appa 
ratus and automatically judged. Further, there are methods 
Wherein the apparatus comprises sensors for detecting the 
thickness of the transfer medium, With the apparatus making 
automatic judgment based on the sensor information. 

[0077] With the present embodiment, the method used in 
the preceding embodiment should be used for applying a 
sheet spacing bias. In the event that the present embodiment 
is applied to the image forming apparatus described in the 
preceding embodiment (With a process speed of 200 
mm/sec), the normal ?xing speed V1 is 200 mm/sec, the 
?xing speed for heavy paper is 130 mm/sec, the normal 
sheet spacing t1 is 30 mm (0.15 sec), and the sheet spacing 
for heavy paper is 500 mm (2.5 sec), for example. 

[0078] Third Embodiment 

[0079] The present invention is not limited to an image 
formation apparatus having a con?guration such as shoWn in 
FIG. 1, but may also be applied to a full-color photocopier 
Which is a so-called tandem-type, electrophotography image 
formation apparatus, Which has image formation units for 
each of the colors yelloW, magenta, cyan, and black, as 
shoWn in FIG. 6, Wherein toner images With different colors 
that are formed on the image formation units are all trans 
ferred onto the transfer media Which is being transferred by 
the transfer belt by adhering thereto, thereby forming a color 
image. 

[0080] The full-color photocopier has ?rst through fourth 
image formation units PA, PB, PC, and PD, for forming 
images of each of the colors yelloW, magenta, cyan, and 
black, Which each have a drum-shaped electrophotography 
photosensitive members (hereafter referred collectively to as 
“photosensitive drums”) 1a, 1b, 1c, and 1d, as image car 
rying members, as shoWn in FIG. 6. Disposed around the 
photosensitive drums are primary chargers 2a, 2b, 2c, and 
2d, pre-exposing light sources 3a, 3b, 3c, and 3d, developing 
devices 4a, 4b, 4c, and 4d, transfer blades 13a, 13b, 13c, and 
13d, and cleaning devices 11a, 11b, 11c, and 11d. 

[0081] An exposing device, i.e., a laser scanning unit, is 
disposed above the photosensitive drums 1a through 1d, 
from Which laser light, modulated corresponding to time 
sequence electric digital image signals from image informa 
tion according to an input original (not shoWn), is output, 
and re?ected by a polygonal mirror 15 rotating at high 
speed, so as to expose the surface of the photosensitive 
drums 1a through 1d according to each color-separation 
color, thereby forming color electrostatic latent images 
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corresponding to the image information on the surface of the 
photosensitive drums 1a through 1d charged by the primary 
chargers 2a through 2d. 

[0082] The photosensitive drums 1a through 1d each have 
a photosensitive layer, e.g., organic photoelectric layer, 
formed on the circumferential face of an electroconductive 
photosensitive drum supporting member 1a Which is 60 mm 
in diameter and formed of aluminum or the like, rotationally 
driven at a process speed (circumferential speed) of 200 
mm/sec in the direction indicated by the arroW in the ?gure, 
i.e., in the clockWise direction, by a driving device (not 
shoWn). 
[0083] The primary chargers 2a through 2d serving as 
charging means uniformly charge the surface of the photo 
sensitive drums 1a through 1a' to a predetermined potential 
of a negative charge, by a charging bias applied from a 
charging bias poWer source (not shoWn). 

[0084] Developing devices 4a, 4b, 4c, and 4d have yelloW, 
magenta, cyan, and black color toner, respectively, and cause 
toner to adhere to the electrostatic latent images formed on 
the photosensitive drums 1a through 1d by a developing bias 
applied from a developing bias poWer source (not shoWn), 
thus forming negative images as toner images, or visualiZing 
the electrostatic latent images. 

[0085] As for the developing method by the developing 
devices, the tWo-component, contact developing method can 
be employed as a developing agent, Which uses a toner 
Wherein magnetic carrier is mixed into toner particles, for 
example, the toner is transported to the developing region by 
magnetic force, and is developed onto the photosensitive 
drums 1a through 1a' in a state of contact. 

[0086] The transfer blades 13a, 13b, 13c, and 13d serving 
as contact transfer means are formed of an elastic material, 
and come into contact With the photosensitive drums 1a 
through 1d across a transfer belt 8, Which is an endless 
transfer medium carrying member, at the transfer unit. This 
causes the transfer bias, With a polarity Which is inverse to 
a polarity of the toner Which is applied from the transfer bias 
poWer source, to sequentially transfer the toner images of 
each color on the photosensitive drums 1a through 1d onto 
the transfer medium P Which is a paper sheet or the like 
being transported by electrostatic adsorption on the moving 
transfer belt, at the transfer unit betWeen the photosensitive 
drums 1a through 1d and the transfer blades 13a through 
13d. 

[0087] The transfer belt runs over a slave roller and a 
driving roller, and rotates in the direction indicated by the 
arroW, synchronously With rotations of the photosensitive 
drums 1a through ld, by a rotational driving force of the 
driving roller. 

[0088] Cleaning devices 11a, 11b, 11c, and 11d each have 
a cleaning blade formed of an elastic material and a cleaning 
member including a supporting member for supporting the 
cleaning blade, Wherein the cleaning blades folloW the 
respective photosensitive drums 1a through 1a' in the lon 
gitudinal area and are in contact thereWith in a direction 
counter to a rotation direction of the photosensitive drums. 
Also, scoop sheets are provided upstream from the cleaning 
blades in respect to the rotating direction of the photosen 
sitive drums 1a through 1d, i.e., beloW the cleaning blades. 
All of the residual toner on the surface of the photosensitive 
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drums 1a through 1a' which has been scraped off by the 
cleaning blades is recovered in a cleaning container by the 
scoop sheets. 

[0089] Next, image formation operations of a full-color 
photocopier 100 having such a con?guration Will be 
described. 

[0090] Upon an image formation operations start signal 
being given, the photosensitive drums 1a through 1d of the 
image formation units PA, PB, PC, and PD, Which are 
rotationally driven at a predetermined process speed (200 
mm/sec for the present embodiment) have their surface 
charge removed by the pre-exposure light source, and then 
are each uniformly charged negatively by the primary charg 
ers 2a through 2d. The exposing device converts input 
color-separated image signals into light signals for each 
color, and scans laser beams Which are converted light 
signals on the respective photosensitive drums 1a through 
1d so as to perform scanning exposures, thus forming 
electrostatic latent images. 

[0091] First, yelloW toner is made to adhere to the elec 
trostatic latent image formed on the photosensitive drum 1a, 
by a developing sleeve of the developing device to Which 
developing bias With the same polarity as the charging 
polarity of the photosensitive drum 1a, i.e., a negative 
polarity, is applied, thereby performing inverse developing 
and visualiZing a toner image. 

[0092] The transfer medium P such as a paper sheet or the 
like fed at this timing is transported on the transfer belt. The 
transfer medium P transported on the transfer belt electro 
statically adheres to the surface of the transfer belt Which is 
moved by driving of the driving roller With an absorption 
roller pair Which applies absorption bias to the surface 
thereof, is transported to the transfer unit of the image 
formation unit PA, and a yelloW toner image is transferred 
onto the transfer medium P by the transfer blade 13a to 
Which transfer bias (With a polarity Which is inverse to a 
polarity of the toner, i.e., a positive polarity) has been 
applied. 
[0093] Next, the transfer medium P, upon Which the yel 
loW toner image has been transferred as described above, 
remains adhered to the surface of the transfer belt and moves 
to the image formation unit PB. Here, a magenta toner image 
formed on the photosensitive drum 1b in the same manner 
as described above is transferred onto the transfer medium 
P on top of the yelloW toner image, by the transfer blade 13b 
to Which transfer bias (With a polarity Which is inverse to a 
polarity of the toner, i.e., a positive polarity) has been 
applied. 

[0094] Subsequently, the cyan and black toner images 
formed on the photosensitive drums 1c and 1d of the image 
formation units PC and PD are sequentially transferred onto 
the transfer medium P on top of the yelloW and magenta 
toner images overlaid, by the transfer blades 13c and 13d to 
Which a transfer bias (With a polarity Which is inverse to a 
polarity of the toner, i.e., a positive polarity) has been 
applied, thereby forming a full-color toner image on the 
transfer medium P. 

[0095] The transfer medium P upon Which the full-color 
toner image has been formed is separated from the surface 
of the transfer belt by the separating charger 5 and is 
transported to the ?xing device 6 by a transporting guide, 
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Wherein the full-color toner image is heated and pressed at 
the ?xing nip portion to thermally ?x the image on the 
surface of the transfer medium P, folloWing Which the 
transfer medium P is discharged from the apparatus, and thus 
the series of image formation operations ends. 

[0096] With the above-described image formation appa 
ratus as Well, advantages similar to those described above 
can be obtained by performing transfer bias application 
control such as described in the ?rst and second embodi 
ments on the four photosensitive drums 1a, 1b, 1c, and 1d, 
taking the positional relation With the transfer medium P into 
consideration. 

[0097] The foregoing embodiments have been described 
With reference to an example Wherein a transfer blade is used 
as transfer means, the present invention is by no means 
restricted to this arrangement, and may use a transfer roller, 
brush, or corona charger, for example. HoWever, it should be 
noted that contact transfer members such as blades or rollers 
or brushes are preferable in cases of performing control With 
precise timing. 
[0098] Further, although the method for performing trans 
fer bias application control in the sheet spacing has been 
described in the above embodiments as being carried out by 
constant current control, the method may be carried out by 
constant voltage control, as Well. 

[0099] While the present invention has been described 
With reference to What are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modi?cations and equivalent arrangements included Within 
the spirit and scope of the appended claims. The scope of the 
folloWing claims is to be accorded the broadest interpreta 
tion so as to encompass all such modi?cations and equiva 
lent structures and functions. 

What is claimed is: 
1. An image formation apparatus, comprising: 

image formation means for forming a toner image on an 
image carrying member; 

transporting means for transporting a transfer medium; 

transfer means for electrostatically transferring the toner 
image onto a transfer medium transported by said 
transporting means to a transfer unit; 

cleaning means for cleaning residual matter including 
toner from a surface of said image carrying member; 

bias applying means for applying a bias of a polarity 
Which is inverse to a normal polarity of the toner, to 
said transfer means; and 

control means for controlling operations of said bias 
applying means; 

Wherein, in the event of forming an image on multiple 
transfer mediums in a continuous manner, said control 
means places said bias applying means in an inopera 
tive state at a ?rst timing before a trailing edge of a 
preceding transfer medium is transported to said trans 
fer unit, places said bias applying means in an operating 
state at a second timing folloWing the trailing edge of 
the preceding transfer medium passing through said 
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transfer unit, places said bias applying means in an 
inoperative state at a third timing before a leading edge 
of a subsequent transfer medium is transported to said 
transfer unit, and places said bias applying means in an 
operating state at a fourth timing folloWing the leading 
edge of the subsequent transfer medium passing 
through said transfer unit. 

2. An image formation apparatus according to claim 1, 
Wherein said toner carrying member comprises a rotating 
member; 

and Wherein a duration for each of a time from the ?rst 
timing to the second timing, and a time from the third 
timing to the fourth timing, is shorter than a duration of 
time required for said image carrying member to make 
one rotation. 

33. An image formation apparatus according to claim 1, 
Wherein a duration of time from the ?rst timing to the second 
timing, is longer than a duration of time from the third 
timing to the fourth timing. 

4. An image formation apparatus according to claim 1, 
Wherein the ?rst timing and the fourth timing occur outside 
a toner image transfer region on the transfer medium. 

5. An image formation apparatus according to claim 1, 
Wherein a bias value applied betWeen the second timing to 
the third timing is approximately the same as a bias value 
applied When transferring the toner image. 

6. An image formation apparatus according to claim 1, 
Wherein said transfer means comprises: 

a transfer belt for transporting the transfer medium; and 

a transfer medium provided on an opposite side of said 
transfer belt as a transporting face of said transfer belt. 

7. An image formation apparatus according to claim 1, 
Wherein particles having polarity, Which is inverse to the 
normal charging polarity of the toner, are externally added 
to the toner. 

8. An image formation apparatus according to claim 7, 
Wherein said image formation means comprises: 

charging means for charging said image carrying member 
by application of a charging bias; 

exposing means for forming a latent image by exposing 
said charged image carrying member; and 

developing means for developing the latent image With 
the toner by application of a developing bias; 

Wherein, in a period from the ?rst timing to the fourth 
timing, the charging bias is applied to said charging 
means, and the developing bias is applied to said 
developing means. 

9. An image formation apparatus, comprising: 

image formation means for forming a toner image on an 
image carrying member; 

transporting means for transporting a transfer medium; 

transfer means for electrostatically transferring the toner 
image onto a transfer medium transported by said 
transporting means to a transfer unit; 

cleaning means for cleaning residual matter including 
toner from a surface of said image carrying member; 
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bias applying means for applying a bias of a polarity 
Which is inverse to a normal polarity of the toner, to 
said transfer means; 

bias application operations control means for controlling 
operations of said bias applying means; 

?xing means for ?xing a toner image transferred to the 
transfer medium; and 

transfer medium spacing control means capable of chang 
ing a transfer medium spacing time from a trailing edge 
of a preceding transfer medium passing through said 
transfer unit until a leading edge of a subsequent 
transfer medium is transported to said transfer unit, in 
the event of forming images on multiple transfer medi 
ums in a continuous manner, 

Wherein said bias application operations control means 
enable said bias applying means to be operational in the 
transfer medium spacing time according to the transfer 
medium spacing time. 

10. An image formation apparatus according to claim 9, 
further comprising transfer medium recogniZing means for 
recogniZing a type of the transfer medium; 

Wherein said transfer medium spacing control means 
changes the transfer medium spacing time based on 
information provided by said transfer medium recog 
niZing means. 

11. An image formation apparatus according to claim 10, 
further comprising ?xing speed changing means for chang 
ing a ?xing speed of said ?xing means; 

Wherein said ?xing speed changing means change the 
?xing speed based on information from said transfer 
medium recogniZing means; 

and Wherein said transfer medium spacing control means 
changes the transfer medium spacing time according to 
the ?xing speed. 

12. An image formation apparatus according to claim 9, 
Wherein, in the event that said bias application operations 
control means enable said bias applying means to be opera 
tional Within the transfer medium spacing time; 

said bias application operations control means place said 
bias applying means in an inoperative state at a ?rst 
timing before a trailing edge of a preceding transfer 
medium is transported to said transfer unit, places said 
bias applying means in an operating state at a second 
timing folloWing the trailing edge of the preceding 
transfer medium passing through said transfer unit, 
places said bias applying means in an inoperative state 
at a third timing before a leading edge of a subsequent 
transfer medium is transported to said transfer unit, and 
places said bias applying means in an operating state at 
a fourth timing folloWing the leading edge of the 
subsequent transfer medium passing through said trans 
fer unit. 

13. An image formation apparatus according to claim 12, 
Wherein said image carrying member comprises a rotating 
member; 

and Wherein a duration for each of a time from the ?rst 
timing to the second timing, and a time from the third 
timing to the fourth timing, is shorter than a duration of 
time required for said image carrying member to make 
one rotation. 
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14. An image formation apparatus according to claim 12, 
wherein the duration of time from the ?rst timing to the 
second timing, is longer than the duration of time from the 
third timing to the fourth timing. 

15. An image formation apparatus according to claim 12, 
Wherein the ?rst timing and the fourth timing occur outside 
the toner image transfer region of the transfer medium. 

16. An image formation apparatus according to claim 12, 
Wherein a bias value applied betWeen the second timing to 
the third timing is approximately the same as a bias value 
applied When transferring the toner image. 

17. An image formation apparatus according to claim 12, 
Wherein said transfer means comprises: 

a transfer belt for transporting the transfer medium; and 

a transfer medium provided on an opposite side of said 
transfer belt as a transporting face of said transfer belt. 

18. An image formation apparatus according to claim 12, 
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Wherein particles of a polarity, Which is inverse to a normal 
charging polarity of toner, are externally added to the toner. 

19. An image formation apparatus according to claim 18, 
Wherein said image formation means comprises: 

charging means for charging said image carrying member 
by application of a charging bias; 

eXposing means for forming a latent image by eXposing 
said charged image carrying means; and 

developing means for developing the latent image With 
the toner by application of a developing bias; 

Wherein, in a period from the ?rst timing to the fourth 
timing, the charging bias is applied to said charging 
means, and the developing bias is applied to said 
developing means. 

* * * * * 


